other experiments, which indicate, on a gram of water basis, that the chloride content of rabbit aqueous humor is less, rather than more, than that of the plasma. For these reasons, comparative analyses by several analytical methods of the chloride concentrations in the aqueous humor and plasma of rabbits, dogs, and human beings have been undertaken.
Methods
Two methods were used for the determination of chloride: the first, that of Schales and Schales (5), a titrimetric procedure based on the reaction 2C1-+ Hg ++ ~ I-IgC12 (not a precipitate). The reaction is carried out in the presence of diphenyl carbazide or diphenyl carbazone, compounds which form violet-blue complex salts in the presence of the mercuric ion. Since I-IgC12 is only slightly dissociated, any mercuric ion which does not combine with chloride is available to form the colored complex and thereby to produce a readily determinable end-point of the titration. The method for plasma analyses can be used without protein precipitation or on Folin-Wu filtrates. Results on the latter are reported to be slightly lower due to absorption of some chloride on the protein. In the present experiments, analyses were carried out both in the presence of protein and with the protein removed.
The second method is that of Sendroy (6) , also titrimetric. This method involves the following reactions: NaC1 + AglOa -----* AgC1 + NalO~ NaIOs + 5KI acid_~ 312 + 3H,O The iodine liberated is determined with Na2S208 in the usual manner. The Sendroy method also can be employed with or without removal of the protein from the plasma.
Aqueous humor w~s withdrawn under pontocaine anesthesia, using a micro pipette described previously (7) . All samples of aqueous humor from human beings were taken from patients prior to cataract extraction. In these cases both retrobulbar and topical anesthetics were employed. Blood was withdrawn from the antecubital vein of human patients, from the femoral vein of dogs, and by heart puncture from rabbits. In one set of experiments in rabbits, blood was removed and centrifuged under paraffin oil. Approximately 0.20 ml. of aqueous humor, when possible, and 0.20 ml. of plasma, were analyzed. In no instance was less than 0.10 ml. of solution used for analysis.
Heparin was employed as an anticoagulant. The quantity of chloride contributed to the plasma by the heparin solution was determined and found to be negligible compared with the amount present in the plasma.
RESULTS
Duplicate determinations were made of chloride added, in the form of sodium chloride, to aqueous humor of beef eyes, and to plasma of dogs and rabbits. Analyses were made by the methods of both Schales and Sendroy. Protein was not removed from plasma. The results, presented in Table I , indicate that the average recoveries, by either method, differ by only approximately plus or minus 1 per cent. The concentration of the chloride initially present in the beef aqueous humor was found to be the same, within the experimental error, Ascorbic acid dissolved in either aqueous humor or saline solution, in concentrations up to a total of 50 rag. per cent, did not interfere with chloride analyses. Apparently the ascorbic acid was reduced so rapidly by the silver iodate that it was no longer available to react with sodium iodate produced by reaction of sodium chloride and silver iodate.
Using the Schales method, without deproteination, a preliminary investigation of the ratio of concentration of chloride in the aqueous humor to that in the plasma of six rabbits gave an average value of 0.95. The results of seven additional determinations of the chloride content of the aqueous humor and plasma of rabbits using both analytical methods are shown in Table II . In four Table I. of these experiments, the analyses were made on plasma with and without deproteinating. In these experiments most of the samples were arterial blood. The data indicate that the average aqueous humor/plasma chloride ratio is less than 1.0, irrespective of the analytical method used, or whether protein was present or not. The slightly higher ratio with the method of Sendroy is of doubtful significance. With the exception of rabbits 5 and 6 the values for chloride in the aqueous humor by the two methods are in good agreement, despite the small quantity of fluid available for the multiple analyses. The plasma chloride values by the two methods also agree within the probable experimental error. When the analyses were carried out following protein removal, slightly higher values for plasma chloride resulted with both methods.
A third series of experiments was performed on rabbits in which arterial and venous plasma samples were withdrawn from the same animals and their chloride concentrations were compared with those in the aqueous humor. Analyses were performed by the methods of both Schales and Sendroy with protein removed from the plasma samples in all instances. In these experiments, paraffin oil was used to prevent the loss of, carbon dioxide before removal of the red cells. The results of the analyses are shown in Table III , where it may be seen that the aqueous humor to plasma ratio of chloride for arterial plasma by both Table IV (top) shows the results of chloride determinations on the aqueous humor and plasma of dogs. For aqueous humor, the average analytical values for chloride were essentially the same by both the Schales and Sendroy methods. However, it can be seen that consistently higher concentrations of chlorides in the plasma were obtained by the Schales method in every instance, resulting in significantly lower chloride ratios when the samples were analyzed by this method. To check these differences in chloride content of plasma, additional determinations were made of dog plasma by the two methods, with and without deproteination. Again, in every instance, lower values for chloride were found with the Sendroy method when protein was present (Table IV, The average and individual values (with the exception of the second value, column 6) obtained on dog plasma b y the Schales method with and without protein, and b y the Sendroy method without protein, agreed within the experimental errors.
The results of chloride analyses on human aqueous humor and plasma samples are given in Table V. -In these experiments all the aqueous humor analyses were performed with the Schales method only, because the volume of solution was insufficient to permit additional analyses by the Sendroy method. The plasma analyses were performed by both methods, with and without protein. Numbers in parentheses refer to number of experiments.
T h e table shows t h a t the c o n c e n t r a t i o n ratios were slightly more t h a n u n i t y (1.03) w h e n plasma analyses were p e r f o r m e
d b y the Schales m e t h o d with and w i t h o u t protein, and b y the Sendroy m e t h o d w i t h protein removed. H i g h e r
ratios were obtained when the Sendroy method was used without removing the protein.
Chloride analyses, using both the Schales and Sendroy method, were made on five additional human plasma samples without removing protein. The values in mM/kg. H20 obtained for the two methods, in the same order, were 121, 112; 112, 109; 117, 111; 117, 111; and 117, 108. In every instance the Schales method gave a higher value than the Sendroy method. This is consistent with the three values shown in Table V , column 4, and appears to account for the higher values obtained for the concentration ratio by the Sendroy method without removing the protein.
In Table VI the various ratios of concentrations of chloride in the aqueous humor to that in the plasma have been summarized. Reference will be made to these results in the discussion.
DISCUSSION
The ratios of concentration of chloride in the aqueous humor compared with that in the plasma found by the present investigator, for the dog (1.08) and human beings (1.07) by the Sendroy method with protein present, appear to be consistent with those found previously by Davson and Weld (1.075) and Hodgson (1.13). Actually, in the present investigation too few experiments were performed by the Sendroy method on human material with protein present to make more than a qualitative comparison. However, the chloride ratio for human material using the Sendroy method with protein removed, or the Schales method with or without protein, was consistently below that obtained by the present investigator or by Hodgson, both using the Sendroy method with protein present. Shnflarly, the ratios obtained by the Schales method on the dog (1.00) led to chloride ratios significantly below those obtained by the Sendroy method with protein present. The consistent difference between the results obtained with the Schales method, or with the Sendroy method in the presence of protein, in human and canine material may be ascribed to the lower values obtained by the latter method for chloride in the plasma. No such differences were found with rabbit plasma, where, although a slightly higher ratio was found using the Sendroy method in the presence of protein, essentially identical plasma chloride concentrations were obtained by both methods. The difference in chloride ratios in the rabbit experiments comes not from any differences in plasma chloride concentrations but from slightly different values obtained on the aqueous humor chloride content. The good check obtained (Table IV and V) between the values obtained with protein removed by the Schales and the Sendroy methods on human and canine samples of plasma would suggest that, to obtain accurate values for chloride concentration under the conditions of the experiment with the Sendroy method, the protein should be removed.
The explanation for the lower chloride values obtained by the Sendroy method in the presence of protein for canine and human plasma, but not rabbit plasma, is not readily apparent. It will be recalled ( Table I ) that 100 per cent recovery of chloride added to canine plasma was obtained, suggesting that some substances associated with the protein in canine plasma may be reacting with the iodate produced. Sendroy in his original work did not find any differences in chloride content of dog plasma measured by various analytical methods. His experiments do not entirely rule out the possibility that, in the present investigation, sulfhydryl (or other reducing groups on the protein) which might influence the results of the Sendroy method, does not actually account for the discrepant results observed in the presence of protein because, in the present study, both canine and human plasma were not analyzed at once but were stored in the ice box overnight. During this period denaturation may have occurred.
The rabbit plasma, on the other hand, was analyzed within an hour after taking samples. Davson and Weld do not state whether they carried out the plasma afialyses immediately. However, all the results in the present experiments, with the exception of those obtained by the Sendroy method in dogs and human beings with protein present, indicate that the ratio of chloride in the aqueous humor to that in the plasma does not exceed the value demanded by the GibbsDonnan equilibrium. The experimental value, therefore, requires no special explanation,--based, for instance, on postulated excess of some unknown cations or deficiency of other anions in the aqueous humor. The decrease in chloride ratio found by Davson following paracentesis can be accounted for on other grounds and does not appear to the writer to be inconsistent with the findings cited above. With regard to the higher osmotic pressure found by Hodgson (1), Benham, Duke-Elder, and Hodgson (8) the problem is highly complicated by lack of information concerning relative activities in the aqueous humor or plasma, the reliability of the method in the presence of 8 per cent protein, and other factors, but from the above data it seems unlikely that if an excess osmotic pressure exists, it is due to the chloride ion. It is possible that the ratio of chloride in aqueous humor and plasma is slightly lower for rabbits than for human beings (Table VI) . The carbon dioxide ratios appear to vary in the opposite manner; i.e., to be higher in the rabbit than in man.
SUM2~ARY
The ratio of concentration of chloride in the aqueous humor compared with that in the plasma of rabbits, dogs, and human beings, was determined by the Schales and Sendroy methods. Consistent results were obtained in all the experiments by the Schales method with or without protein, and by the Sendroy method without protein. In the presence of protein, however, lower chloride concentrations were found in the plasma of dogs and human beings by the Sendroy method. The ratios in this instance were higher than values predicted on the basis of Gibbs-Donnan equilibrium and similar to those obtained by several previous investigators using the same method. With rabbits both methods gave essentially the same results under all conditions.
The ratios (Schales and Sendroy) for the rabbits based on arterial plasma averaged 0.98, on venous plasma 1.00; the ratio (Schales) for the dog for venous plasma was 1.00; the ratio (Schales, protein present or removed; Sendroy, protein removed) for human beings, based on venous plasma, was approximately 1.03. Ratios of 1.08 for the dog and 1.07 for human beings were obtained by the Sendroy method in the presence of protein. Possible explanations for these apparent discrepancies are discussed. In dogs and in human beings, the major evidence supports the contention that the aqueous humor/plasma chloride ratio is not in excess of that predicted by the Gibbs-Donnan equilibrium and therefore requires no special explanation. In the rabbit all the evidence indicates that the chloride ratios are actually less than the value predicted by the GibbsDonnan equilibrium.
The analyses in these experiments were carried out by Miss Sylvia Landy. The aqueous humor and plasma from patients undergoing cataract extraction were kindly provided by Dr. Edwin B. Dunphy and the house officers of the Massachusetts Eye and Ear Infirmary. 
